Uric acid (UA) is a final product of catabolization of the purine nucleosides, and it causes problems because humans do not possess the enzyme to digest it to a soluble form. On the other hand, as a substitute antioxidant, it may play a protection role, because it is involved in many pathological changes and/or damage development. Most UAs are excreted by urine, and the determination of UA in human urine and serum is very important due to the need for data in the diagnosis and therapy of patients suffering from a range of disorders, such as gout, hyperuricemia, malignant lymphoma, hemolytic anemia, diabetes, renal insufficiency, and Lesch-Nyhan syndrome. 1 In addition, hyperuricemia has recently become a useful index of metabolic syndrome.
ethylenediaminetetraacetic acid, 23 propranolol 24 and biological active thiols. 25 In the color reaction between o-hydroxyhydroquinonephthalein (QP) and palladium(II) in a hexadecyltrimethylammonium (HTA) surfactant medium, we noticed that the color development of the QP-palladium(II)-HTA complex was interfered with severely by small amounts of UA, and the decrease in absorbance of QP-palladium(II)-HTA was proportional to the concentration of UA. Here, a new, sensitive, and simple spectrophotometric determination of UA is described, and the proposed method is applied to the assay of UA in human urine.
Experimental

Reagents and apparatus
A stock solution (1.0 × 10 -2 M, 1 M = 1 mol dm -3 ) of UA was prepared by dissolving the UA (Wako Pure Chem. Co. Ltd.) in small amounts of 0.1 M sodium hydroxide solution and diluting with water. The working solution was prepared by suitable dilution of this stock solution as required. A solution (5.0 × 10 -4 M) of palladium(II) was prepared from a stock solution (Wako Pure Chem. Co. Ltd., 1000 μg dm -3 ) by dilution with water. A solution of QP, which had been synthesized according to a method described in the literature, 26, 27 was prepared in a 1.0 × 10 -3 M methanol solution containing one drop of hydrochloric acid. A 1.0 × 10 -2 M aqueous solution of hexadecyltrimethylammonium bromide (HTAB, Tokyo Kasei Kogyo Co.) was prepared by dissolving HTAB purified by recrystallization in water. A buffer solution of pH 8.2 was made by mixing appropriate amounts of a 0.05 M borax solution and a 0.1 M hydrochloric acid. All other materials and reagents were of analytical reagent grade and were used without further purification. Pure water was prepared by purifying deionized water with a Milli-Q Labo system just before use.
A Shimadzu spectrophotometer (Model UV-160) with 1.0-cm matched silica cells was used for an absorbance measurement. The pH measurements were made with a Horiba (F-11) pH meter in combination with a calomel glass electrode. The mixture was diluted to 10 ml with water, transferred into a test tube, mixed well and kept at 60˚C for 30 min. After the solution had been cooled in water for 5 min, the difference in the absorbance (ΔA) between that of the resultant solution and that of a reagent blank solution prepared under the same conditions was measured at 635 nm against water.
Results and Discussion
Choice of metal ion and dye
In order to examine the utility of a method for the determination of UA based on fading of a dye-metal colored complex, we studied the color reactions between various dyes and metal ions by comparing the situations in the presence of UA. First, the effect of metal ions on the reaction system was investigated. As is shown in Table 1 , palladium(II) was superior to various metal ions tested in a weakly basic medium: palladium(II), copper(II), zinc(II), nickel(II), cobalt(II), iron(II), manganese(II) and molybdenum(VI). Next, the dyes were studied by using phenylfluorone (PF), Pyrogallol Red (PR), Pyrocatechol Violet (PV), Xylenol Orange (XO), Methylthymol Blue (MTB) and 4-(2-pyridylazo)resorcinol (PAR). The results are given in Table 2 .
Optimization of reaction variables
The effect of the pH on the reaction was examined by using various buffer solutions, such as 0. Table 3 . In addition, the QPpalladium(II) in the presence of cationic surfactant could be extracted in 1-butanol, whereas the QP-palladium(II) in the presence of other surfactants could not be extracted well in this organic solvent. An addition of more than 0.4 ml of 1.0 × 10 -2 M HTAB solution as a cationic surfactant was most effective in terms of sensitivity.
The effects of the concentrations of QP and Pd(II) on ΔA were examined while maintaining a fixed final concentration of UA (0.10 μg/ml). Since a maximum ΔA was obtained when the molar ratio of QP to Pd(II) should be greater than equimolar, all further work was carried out with 2.0 × 10 -5 M Pd(II) and 5.0 × 10 -5 M QP solutions in relation to the determination limit of UA and the absorbance of a QP-Pd(II)-HTAB solution.
The color development in this reaction system did not occur instantaneously at room temperature. Thus, the effects of the incubation temperature and times were examined by heating for 10 -60 min at 50, 60 and 70˚C. A maximum and constant ΔA value was obtained at 60˚C for 20 -40 min, followed by cooling in water for 5 min. The results are given in Fig. 1 . The ΔA value remained constant for at least 3 h after the solution had been cooled to room temperature. Figure 2 shows the difference spectra under the standard procedure. The ΔA at 635 nm was proportional to the concentration of UA.
Calibration curve
A calibration curve for UA was constructed by the standard procedure. A good linear relationship was observed over 0.01 -0.20 μg ml -1 of UA. The effective molar absorptivity (ε) was calculated from the slope of the calibration graph to be 6.5 × 10 5 dm 3 mol -1 cm -1 . The relative standard deviation (RSD) for five runs of 0.10 μg ml -1 of UA was 1.5%. This method is about 20-times more sensitive than the conventional methods, 20, 21 and gives excellent reproducibilities.
Interference of foreign substances
Under the standard conditions, various substances were examined to check for interference. Foreign substances, such as sodium, potassium, calcium, magnesium, chloride, nitrate, sulfate, phosphate, glucose, caffeine, glycine, bilirubin and urea, did not noticeably affect the accuracy of the determination of UA, even when these substances were present in large excess amounts compared with that of UA. Some reductants, such as ascorbic acid and oxalate ion, gave no disturbance on the determination of UA. Among foreign substances tested, the presence of iron(III), creatinine or human serum albumin (HSA) interfered in a large amount. However, in fact ΔA values at 635 nm were hardly affected at their usual concentrations in the sample solution. The results are summarized in Table 4 .
Application
The proposed method was used to determine UA in urine. No preliminary treatment to remove co-existing substances was made and urine was merely diluted to 100 times. Neat standards were prepared under the same conditions. The overall recoveries of UA from each sample were within 98 -104%, with RSD values of less than 3.1%. A T-test demonstrated that the results obtained by the present method were not different from those obtained by the comparison procedure, uricase/N-(3-sulfopropyl)-3-methoxy-5-methylaniline method (a clinical kit, L type Wako UA·M, Wako Pure Chem.), at a 95% confidence level: the calculated t = 0.159 was lower than critical t value (p = 0.05, n = 4) of 2.776. These results are given in Table 5 . 
Composition of the colored complex and reaction mechanism
In order to clarify the reaction mechanism, we studied the composition of the colored complex by Job's method of continuous variation and the molar ratio methods. The palladium(II)-to-QP ratio and the [palladium(II)/QP-to-HTAB] ratio were 1:1 and 1:1, respectively. On the other hand, the UAto-palladium(II) ratio was 1:1 in the presence and absence of QP.
The experimental results imply that the reaction mechanism involves a color complex [1:1:1] among residual palladium(II), QP and HTAB after production of the palladium(II)-UA [1:1] complex.
However, a further investigation is necessary to confirm this conclusion regarding the composition of palladium(II)-QP-HTAB ternary complex.
In conclusion, a simple and highly sensitive spectrophotometric method for UA was established with the QP and palladium(II) in a HTAB micellar medium. The sensitivity (ε = 6.5 × 10 5 dm 3 mol -1 cm -1 ) of the proposed method was much greater than that of other spectrophotometric methods. 20, 21 In addition, there was a remarkable improvement in the influences of foreign substances, especially ascorbic acid. And the present method, owing to no need for solvent extraction, should be useful for a simple and highly sensitive determination of UA in real samples.
